This paper employs a wage-setting approach to analyze the labor market effects of immigration into Germany. The wage-setting framework relies on the assumption that wages tend to decline with the unemployment rate, albeit imperfectly. This enables us to consider labor market rigidities, which are particularly relevant in Europe. We find that the elasticity of the wage-setting curve is particularly high for young and well-educated workers. The labor market effects of immigration are moderate: a 1 percent increase in the German labor force through immigration increases the unemployment rate by less than 0.1 percentage points and reduces wages by 0.1 percent.
Introduction
High and increasing immigration rates in the US and Europe have fanned fears that migrants reduce wages and limit employment opportunities of the native labor force. Concerns that immigration increases unemployment are particularly widespread in the continental European countries, where unemployment is persistently high. In this paper we apply a wage-setting approach along the lines proposed by Layard, Nickell, and Jackman (2005) to analyze the labor market effects of immigration. This framework relies on the assumption that wages tend to decline with the unemployment rate at given price expectations, albeit imperfectly. This enables us to consider institutional and other labor market rigidities which are particularly relevant in the European context.
The wage-setting framework we use here addresses the wage and employment effects of immigration in a joint framework which considers the cross effects of supply changes in the different segments of the labor market. For this purpose, we estimate wage-setting curves for different groups in the labor market. This distinguishes our approach from the existing empirical literature, which tempts to identify the employment impact of immigration from spatial or national correlations between (un-)employment and immigration rates.
Our approach replaces conventional labor supply curves by a bundle of wage-setting functions, but relies on standard assumptions about labor demand. This enables us to derive the labor demand from a production function approach. Following Borjas (2003) , Ottaviano and Peri (2006) and others we identify the immigration effects at the national level. Aggregate technologies are approximated by a nested CES production function, which groups the labor force by education, work experience and national origin. Following the theoretical and empirical literature on economic growth, we consider moreover that physical capital adjusts at least partially to labor supply shocks. The estimated elasticities of the wage-setting curves, the elasticity between the capital-output-ratio and labor supply changes, and the parameters of the production function enable us to derive a unique solution to a system of equations which determines the employment and wage effects of immigration simultaneously.
We apply this framework empirically to Germany, which is the third most popular destination for migrants in the world after the US and Russia (Freeman, 2006) . With the fall of the Berlin wall, the net immigration rate climbed in Western Germany from about zero at the beginning of the 1980s to about 6 per thousand at the beginning of the 1990s, compared to 3 per thousand in the fifteen member states of the then European Union (EU-15) and 4 per thousand in the US (World Bank, 2007) . However, since the beginning of this millennium, the net immigration rate has dropped to less than 3 per thousand in the course of Germany's economic downturn ( Figure  1 ).
-1 0 1 2 3 4 5 6 7 1 9 6 0 1 9 6 5 1 9 7 0 1 9 7 5 1 9 8 0 1 9 8 5 1 9 9 0 1 9 9 5 2 0 0 0 2 0 0 5 n e t m i g r a t i o n r a t e p e r t h o u s a n d G e r m a n y U S E U -1 5 S o u r c e : W o r l d B a n k ( 2 0 0 7 ) . Our empirical analysis is based on a two percent random sample drawn from German social security records (IABS) for the period from 1980 to 2004. The IAB provides accurate information on wages and on employment histories of individuals and is therefore especially suitable for identifying the elasticities of the wage-setting curves and the elasticities of substitution between different types of labor.
We find that the elasticities of the wage-setting curves fluctuate considerably across skill groups and experience groups. The elasticity between wages and unemployment is particularly large for workers with little work experience, and well above the average for highly educated workers. We provide moreover evidence that natives and immigrants are imperfect substitutes in the labor market. Our simulation results suggest that the aggregate impact of immigration on employment opportunities and wages is modest. Immigration can both reduce and increase employment opportunities of natives and foreigners, depending on the flexibility of the labor market segments which absorb immigrants.
The remainder of the paper is organized as follows: Section 2 compares our approach to the existing empirical literature on the employment and wage effects of immigration. Section 3 outlines the model. Section 4 describes the dataset. Section 5 presents the identification strategy and the estimation results for the elasticities of the wage-setting curves, the capital stock adjustment, and the elasticities of the production function. Section 6 simulates the employment and wage impact of immigration on the German labor market. Finally, Section 7 concludes.
Review of the literature
The empirical framework we apply here has differences and similarities to the existing literature on the labor market impact of immigration. The main feature of our approach is that we address the employment and wage effects of migration in a joint framework which considers the cross-effects of labor supply shifts. Moreover, we consider varying degrees of wage flexibility in different segments of the labor market. This sets our approach apart from the existing empirical literature which derives the employment effects of immigration from simple correlations between employment and immigration rates (see Longhi, Nijkamp, and Poot, 2006, 2008 , for a survey and meta-analysis).
Most existing studies relate the (un-)employment rate of natives or foreigners to the immigrant share and use the variance of the immigrant share across areas or industries for the identification of the employment impact (Angrist and Kugler, 2003; Borjas, Freemann, and Katz, 1997; Card, 2001; Dustmann, Fabbri, and Preston, 2005; Friedberg, 2001; Pischke and Velling, 1997; Winter-Ebmer and Zimmermann, 1999) . While some of these studies define local labor markets only in terms of geographical areas or industries, others define it both in terms of geography and education (e.g. Borjas, Freemann, and Katz, 1997; Card, 2001) . Both approaches deliver only aggregate employment effects because they do not consider different education and experience groups at all or average out the skill specific impact of immigration. For a general equilibrium analysis of the labor market effects we need however the disaggregated employment response to labor supply shifts since the elasticities of substitution or complementarity differ across the segments of the labor market.
Another part of the empirical literature tempts to identify the elasticities of substitution in different segments of the labor market by regressing the employment rates of different education or age groups against the immigration share Peri, 2006, 2008) . This approach captures however only the partial equilibrium effects of immigration and ignores cross-effects resulting from labor supply shifts in other segments of the labor market.
The spatial correlation approach applied by most empirical studies yields moreover spurious results if migrants are not randomly distributed across local labor markets or if other factors equilibrate conditions across geographical areas (Borjas, Freemann, and Katz, 1997; Borjas, 2003) . Some recent studies exploit therefore the variance of the immigrant share across education and experience groups at the national level for the identification of the employment impact of migration on the native or foreign workforce (Aydemir and Borjas, 2007; Bonin, 2005; D'Amuri, Ottaviano, and Peri, 2008) . Again, this approach averages out the employment effects of immigration and does not deliver the employment response to immigration in different segments of the labor market required for a general equilibrium analysis. While the wage-setting framework applied here deviates from the standard procedure to identify the employment impact of immigration, it allows to derive the labor demand from a conventional production function approach. The production function approach has been pioneered in the migration context by Grossman (1982) and Borjas (1987) and experienced recently a renaissance in a number of studies which follow Borjas (2003) in identifying the wage impact of immigration at the national level (Aydemir and Borjas, 2007; Ottaviano and Peri, 2006; Manacorda, Manning, and Wadsworth, 2006) . We follow here this well established tradition and derive the labor demand from a nested CES production function which groups the labor force by education, experience and national origin.
The question whether natives and immigrants are perfect or imperfect substitutes at given education levels is subject of some controversy in the literature. While the Borjas (2003) study assumes perfect substitutability, Ottaviano and Peri (2006) find that natives and immigrants are imperfect substitutes in the labor market. This has important consequences for the labor market effects of immigration: While the results of Borjas (2003) indicate that both natives and foreign workers suffer from further immigration, Ottaviano and Peri (2006) find that native workers tend to benefit. 1 In our empirical application we impose no a priori restriction on the substitutability of natives and immigrants in the labor market.
Altogether, this paper deviates from most of the empirical literature in deriving the wage and employment effects of immigration simultaneously in a wage-setting framework, while it follows the standard approach to identify 1 Recently, Borjas, Grogger, and Hanson (2008) argue that the findings of Ottaviano and Peri (2006) are the result of a misclassification of skill groups, while Ottaviano and Peri (2008) present evidence that natives and immigrants are imperfect substitutes based on a similar skill classification but a different identification strategy. However, the reclassification of skill groups involves that the elasticity of substitution between native and immigrant labor has increased substantially in the Ottaviano and Peri (2008) study compared to the findings in Ottaviano and Peri (2006) . the labor demand from the elasticities of a nested production function. Three recent studies which are close to our approach are worthwhile to mention: Bentolila, Dolado, and Jimeno (2007) examine the effects of immigration in a Phillips curve framework. This paper addresses the question of whether immigration has changed the slope of the Phillips curve in Spain, while we assume -based on the existing empirical evidence -that the slope of the wage-setting curve is rather stable over time. D'Amuri, Ottaviano, and Peri (2008) and Felbermayr, Geis, and Kohler (2008) recently applied the Ottaviano and Peri (2006) approach to the analysis of the labor market impact of immigration in Germany. Like the present paper, both highlight the importance of wage rigidities for an assessment of the labor market effects of immigration. Although D'Amuri, Ottaviano, and Peri (2008) acknowledge that the employment effects of immigration have to be addressed in a general equilibrium framework, they follow the standard procedure to derive the employment impact of immigration from a simple correlation between employment and immigration rates. The Felbermayr, Geis, and Kohler (2008) paper is based similar to ours on a wage-setting approach, but it does not derive an empirical framework which allows the wage-setting curves to vary across the different segments of the labor market. Moreover, they employ for their empirical analysis the German Socioeconomic Panel (GSOEP), i.e. a data set with a small sample size compared to the IABS used here.
Theoretical background
The model we present builds on Boeri and Brücker (2005) and Levine (1999) in deriving the wage and employment effects of immigration from a wagesetting framework. While these papers focus on the effects of immigration in a setting with one or two types of labor, ours derives a general solution which can be applied empirically to a labor market which distinguishes many types of labor.
The wage-setting framework explains unemployment by the interaction between price-and wage-setting (Layard, Nickell, and Jackman, 2005) . Under the simplifying assumptions of perfect competition on output markets and perfect foresight, product prices equal marginal costs, which in turn determine factor demand. The real wage rate is assumed to be a declining function of the unemployment rate and may deviate from market-clearing levels.
One can base the assumption of the wage-setting framework that wages are a declining function of the unemployment rate on different theoretical foundations (see Blanchard, 2007; Blanchflower and Oswald, 1994, 2005; La-yard, Nickell, and Jackman, 2005 , for a discussion). In our context, two modeling traditions are particularly important. First, a wage-setting curve can be derived from bargaining models (see e.g. Lindbeck, 1993; Layard and Nickell, 1986) . Wages are fixed in a bilateral bargaining monopoly between trade unions and employer federations. Once wages are fixed, firms hire workers until the marginal product of labor equals the wage rate. If unions are concerned about both their employed and unemployed members, the negotiated wage is lower when unemployment is higher and vice versa.
Second, in a completely non-unionized environment, the wage-setting curve can be explained by efficiency wage considerations (Shapiro and Stiglitz, 1984) , where the productivity of workers is linked to the wage level. Unemployment works here as disciplining device since it determines the difficulties in finding a new job. As a result, firms will reduce workers' pay if the unemployment rate is increasing since they can achieve the same level of productivity at a lower wage.
Both approaches replace the conventional labor supply curve with a wage-setting function, and rely on standard assumptions about labor demand (Blanchflower and Oswald, 1995; Layard and Nickell, 1986) . However, different conclusions regarding the shape of the wage-setting curve emerge from these different theoretical foundations: on the one hand, the bargaining model predicts a flatter wage-setting curve in labor market segments with a higher share of unionized workers. The share of unionized workers is exceptionally high among workers with a vocational training degree in Germany, i.e., workers with a medium skill level. On the other hand, the efficiency wage model expects a flatter wage-setting curve for workers with a higher level of firm-specific human capital, since this drives a wedge between productivity at the current employer and the outside opportunity wages, thereby allowing employers to smooth wages over the business cycle (Card, 1995) . Thus, it is likely that the wage-setting curve is flatter for high-skilled workers since they tend to acquire greater levels of firm-specific human capital.
In our empirical application of the wage-setting framework we do not rely on a specific wage bargaining or efficiency wage model. Instead we take up a suggestion by Card (1995) and allow the relationship between wages and the unemployment rate to vary for different groups in the labor force. This enables us to determine the wage-setting curve empirically without imposing a priori restrictions on its shape from theoretical considerations of one kind or another.
A structural model of immigration and unemployment
Suppose that the aggregate output of an economy is produced with different types of labor and physical capital. We distinguish labor by education, work experience, and national origin. In general form, we can write the aggregate production function as
where Y denotes aggregate output, L a vector of different types of labor inputs, and K the capital stock. We assume that the production function F (·) exhibits constant returns to scale and positive and diminishing marginal products with respect to each input, and satisfies the Inada (1963)-conditions. For the sake of convenience, we have skipped time subscripts. Wages and the demand for labor are determined sequentially. In the first stage, wages are fixed. The elasticity of the wage with respect to the unemployment rate may differ in each cell of the labor market depending on the bargaining power of the parties in the wage negotiations or the level of specific human capital. In the second stage, profit-maximizing firms hire workers until the marginal product of labor equals the wage rate.
Writing the wage in each cell of the labor market as a function of the respective unemployment rate gives
where w ijk is the wage of a worker with education i, experience j and national origin k, φ ijk is a function that captures the response of the wage to the unemployment rate. The unemployment rate u ijk is defined as
where L ijk and N ijk denote the employed workforce and the labor force, respectively, of education i, experience j, and national origin k.
The condition that the wage rate in equation (2) equals the marginal product of labor allows us to solve for the employment response to a change in labor supply. Note that the marginal product of labor in a specific education, experience, and national origin cell of the labor market is affected by the employment changes in all other cells of the labor market. Solving for the employment response thus requires solving a system of equations for all other cells of the labor market, which is determined by the wage-setting curves and the production function. This system has to satisfy in each cell of the labor market the implicit function
Differentiating this system implicitly with respect to a marginal migration shock yields for the change in employment
where dM is a scalar that captures the marginal immigration shock to the economy, φ a vector of functions that determine as above the wage response to the unemployment rate, and N a vector of the labor force in each cell of the labor market. We assume that the capital stock may adjust to a labor supply shock through migration, i.e., that dK dM ≥ 0. Finally, having solved for the employment response, it is straightforward to derive the wage effects of migration:
Consider three cases: first, assume that labor markets are completely flexible, which requires that φ ′ ijk → −∞ ∀ φ ijk . In this case, equation (4) simplifies to dL dM → dN dM ,
i.e., the marginal employment response equals the marginal increase in the labor force in each cell of the labor market. This case corresponds to the textbook example of the impact of migration in an economy with clearing labor markets and an inelastic supply of native labor. Second, assume that labor markets are completely inflexible, i.e., that φ ′ ijk → 0 ∀ ijk. In this case, equation (4) yields
which equals zero if the capital stock does not adjust to the labor supply shock. This case corresponds to the famous Harris and Todaro (1970) model. Third, in the empirically relevant case, i.e., when 0 > φ ′ ijk > −∞, employment adjusts partially to a labor supply shock through immigration, depending on the elasticities of the wage-setting curve and the elasticities of substitution as determined by the production function.
For an illustration of the difference of our general equilibrium framework to the partial correlation approach widely applied in the literature it may be convenient to distinguish only two types of labor indexed by 1 and 2. If the capital stock is fixed, the employment response in equation (4) yields
The partial correlation approach tends to understate the employment impact of immigration if the two labor types are q-complements in the sense of Hamermesh (1993) , while it tends to overstate it when they are q-substitutes.
Outline of the empirical framework
For the empirical analysis, we have to impose more structure on the economy. Similar to Borjas (2003) and Ottaviano and Peri (2006) , we follow Card and Lemieux (2001) in using a nested CES production function for this purpose. More specifically, we employ a four-level CES technology which groups the workforce in i = 1...4 education groups, j = 1...8 experience groups, and k = 1, 2 nationality groups, which gives together with physical capital 65 production factors. 2 Although the nested CES function imposes some restrictions on the elasticities of substitution, it has the advantage that it is parsimonious in the parameters. 3 Suppose that aggregate production in equation (1) can be represented by a standard Cobb-Douglas production function:
where Y t denotes aggregate output, A t an exogenous parameter which captures total factor productivity, L t the aggregate labor input, K t physical capital, α the income share of labor, and t the time index. Grouping the labor force by education, experience and national origin yields for the other nests of the production function
where L it denotes a labor composite which aggregates all workers with education i, L ijt a labor composite which aggregates native and migrant workers of education i and experience j, and L ijkt the number of employed workers of education i, experience j and national origin k. The technology parameters θ it , θ ij and θ ijk determine the productivity levels of the respective factor. We allow the productivity parameter θ it to vary over time since skill-biased technological progress might affect the productivity of various types of labor in different ways. More specifically, we adopt the assumption by Katz and Murphy (1992) that the shift in the technology parameters can be approximated by a linear time trend. Finally, δ > 0, ρ > 0 and σ i > 0 are constant parameters measuring the elasticity of substitution between labor of different education levels, between labor of similar education but different work experience, and between native and migrant workers of similar education and experience levels. We allow σ i to differ across education groups, assuming that the elasticity of substitution between native and foreign workers varies across education groups given that the importance of language, culture, and other factors may differ by education. Our a priori expectation is that workers within each experience group are closer substitutes than those across skill groups, which implies that ρ > δ.
Whether foreign and native workers in each education and experience group are imperfect substitutes is the subject of some controversy in the literature. We simply assume that σ i ≥ 0, i.e., we do not base our empirical analysis on an a priori assumption as to whether foreign and native workers are perfect substitutes or not.
Assuming that the wage rate equals the marginal product of labor, and choosing output as the numeraire good, we can derive from the production function the log wage of a worker with skill i, education j, and national origin k as
where κ denotes the capital-output ratio. The interest rate is a function of the capital-output ratio, r = 1−α κ . Thus, the complete adjustment of the capital stock to an aggregate labor supply shock requires that the capital-output ratio remains constant. Note that a constant capital-output ratio is predicted by neoclassical growth models and one of the stylized facts about economic growth (Kaldor, 1961) . Following Ottaviano and Peri (2006) we assume that dκ dM ≤ 0, which is examined below. The derivatives of equation (10) are used for finding the partial derivatives of the wage with respect to the labor supply changes in equation (4). These partial derivatives determine together with the elasticities of the wagesetting curves the employment and wage response to a labor supply shock. We assume that the elasticities of the wage-setting curves vary by education and work experience reflecting differences in the bargaining power and productivity of different groups in the labor market. However, we impose the restriction of a uniform wage-setting curve in each education-experience cell since centralized wage-setting makes it rather unlikely that different wages are agreed for native and foreign workers at given levels of education and work experience. 4 Finally, having solved for the employment response we can express the wage effect of migration in equation (5) as
where s qnmt , s inmt , s ijmt , s ijt and s it denote the share of the wages paid to workers in the respective labor market cells in the total wage bill. 5 The change of the labor supply in each cell of the labor market as denoted by the terms in brackets in equation (11) refers to the employment changes as determined by equation (4). Finally, as before, the term dκ t refers to the change in the capital-output ratio triggered by immigration.
Data

Description of the dataset
In our empirical analysis we use the IAB Sample (IABS), a two percent random sample of all German employees registered with the social security system in the period 1975-2004. In addition to socio-economic and job characteristics the IABS provides information on benefit recipients at the individual level. 6
The IABS is stratified according to nationality and therefore representative for the native and foreign working population. The dataset is especially suitable for performing analyses taking wages into account since the wage information is used to calculate social security contributions and is therefore highly reliable. 7 Nevertheless the IABS has also some minor limitations in the context of our analysis: the main shortcoming is that we can identify foreigners only on the basis of citizenship. Some further limitations arise from the wage and qualification information provided by the dataset. This has several implications:
First, there is no information on the year when immigrants entered the country. Due to the jus sanguinis tradition of the German law, naturalization rates have been traditionally very low, such that second and third generation migrants often have foreign citizenship and are therefore recorded as foreign workers in our sample. On August 1, 1999, a new immigration act came into effect that allows German-born children of foreign-born par-
q n m wqnmtLqnmt , and s it = n m winmtLinmt q n m wqnmtLqnmt . 6 From administrative data sources of the Federal Employment Agency, we know that about 90 percent of the registered unemployed are eligible for benefits. Therefore, the unemployment rate is only slightly downward biased (Wagner and Jahn, 2004) .
7 In our sample the average size of the foreigner cells is well above 1,000 observations. Therefore, it is not likely that our results suffer from 'attenuation bias' (Aydemir and Borjas, 2006) 13 ents living in Germany for at least eight years to decide up to the age of 23 which nationality to adopt. This has slightly increased the naturalization of German-born individuals whose parents possess a migrant background. To mitigate the possible effects of naturalizations, we have classified all individuals as foreigners who are reported as foreign citizens in their first available spell. This does not allow us to control for individuals who were naturalized before entering the sample, but avoids naturalizations from being displayed in our sample as a declining foreigner share.
Second, ethnic Germans -so-called "Spätaussiedler" -are reported in the dataset as Germans, since the concept of citizenship does not allow us to distinguish between home and foreign-born German citizens. However, special benefits have been offered to ethnic Germans, such as language courses and other integration subsidies that should facilitate their labor market integration. These measures are reported in the benefit recipient file added to our dataset. This allows us to identify the majority of ethnic Germans who have entered the German labor force since 1980. In our sample, the cumulative inflow of ethnic Germans achieves 3.2 percent of the labor force in Western Germany. Since ethnic Germans' labor market performance and language command resembles that of other foreigners (see e.g. Bauer and Zimmermann, 1997; Zimmermann, 1999) , we have classified ethnic Germans as members of the foreign labor force.
Third, the IABS covers only a part of the immigration surge from Eastern Germany. The IABS included Eastern Germany for the first time in 1992. A large part of the East-West migrants in Germany moved immediately after the fall of the Berlin wall. This implies that more than one-third of the 2 million migrants who have moved from Eastern to Western Germany since 1989 are not covered by the dataset (Bundesamt, 2006) . In addition, a large number of East-West migrants moved to Western Germany before appearing as employed or unemployed in the IABS, e.g., as students (Burda and Hunt, 2001; Hunt, 2006) . The IABS thus not only understates the actual level of East-West migration, it also distorts the skill distribution, since most of the highly educated migrants move from Eastern to Western Germany before their first employment spell (Brücker and Trübswetter, 2007) .
For this reason, we decided to classify migrants from East Germany as natives here and focus our analysis on Western Germany. Western Germany accounts for more than four-fifth of the German labor force and the foreigner share is negligible in Eastern Germany. Focussing our analysis only on the unified Germany after 1992 would exclude the main immigration shock during 1987-1991. 8 German reunification also requires excluding Western Berlin, since mobility between Eastern and Western Berlin has been high since the fall of the Berlin wall.
Fourth, the dataset reports gross daily wages and does not provide information on hours worked. We therefore exclude part-time employees, trainees, interns, and at-home workers from the sample since the wage information is not comparable for these groups. For the same reason we exclude workers with wages below the social security contribution threshold although they are coded as full-time workers. 9 Fifth, we restrict our analysis to individuals between the ages of 15 and 60. The reasons are that the statutory retirement age for females is the age of 60, for males the age of 65. In addition, there is some empirical evidence of differences in the early retirement behavior between German and immigrant men (Bonin, Raffelhüschen, and Walliser, 2000) .
Sixth, our data are right-censored since gross wages can only be observed up to the social security contribution ceiling. About three percent of the employment spells are censored. This may affect the estimation of the wagesetting curves, particularly in the high-skilled segments of the labor market. We have therefore imputed wages above the social security contribution ceiling using a heteroscedastic single imputation approach specifically developed for the IABS dataset (Büttner and Rässler, 2008) .
Seventh, self-employed workers and civil servants do not contribute to the social security system and are therefore not covered by our sample. To the best of our knowledge, there is no indication that foreign workers are disproportionately self-employed compared to native workers. In the case of civil servants, it seems plausible to assume that due to legal restrictions, immigrants do not substitute natives.
Eighth, the information on education is provided by the employers. This means that information on education levels is missing for about 17 percent of the individuals. Foreigners are disproportionately affected by missing information on education levels. We therefore imputed the missing information on education by employing the procedure developed by Fitzenberger, Osikominu, and Völter (2005) for an earlier version of the IABS. In a first step, spells with valid and invalid educational information are identified by classifying the reliability of employers' reporting behavior. In subsequent steps, only valid educational information is used for extrapolation. This parameters of the model. 9 These workers are likely to hold a 'mini-job'. Mini-jobs are attractive to workers because only the employer, not the employee, has to pay social security contributions if total earnings are below a legally defined threshold (400 Euros per month in 2007). There is no indication that this creates a source of bias in the empirical analysis since foreigners are proportionally represented in the respective groups.
procedure also allows us to correct inconsistent educational information on individuals over time. After applying this imputation procedure, we had to drop only 1.6 percent of the individuals because of missing or inconsistent information on education.
Finally, education and work experience acquired in foreign countries may not have the same value in the labor market as education and experience obtained in Germany. Moreover, certain characteristics of foreigners, such as their command of the German language, may prevent them from fully transferring their human capital to the German labor market. However, correcting for the education and experience levels of foreigners by variables related to their current labor market performance involves an endogeneity problem. It may moreover bias our estimates of the elasticity of substitution between native and foreign workers. We therefore employ the same rules for the classification of education and experience groups for foreign and native workers.
Following the model outlined in Section 3, we group the labor force by education and potential work experience. A sensible classification following the characteristics of the German labor market requires us to distinguish four education groups: no vocational degree, vocational degree, high school degree ('Abitur') with vocational degree, and university degree. At first glance, one might consider aggregating the groups "vocational degree" and "high school degree with vocational degree", but in Germany these are separate labor markets. Despite its small size, we therefore decided to treat the group with high school degree separately.
Furthermore, we distinguish eight potential work experience classes following the standard approach by Borjas (2003) in subtracting the typical number of years spent in the educational system from the age of the worker, and splitting the experience in intervals of five years. At the beginning of the sample period, we have only a few observations in some education experience classes. Therefore, we exclude the 1975-1979 period and confine our analysis to individuals who where employed or unemployed on September 30 during the period from 1980 to 2004. period. The sharp increase in the foreigner share during the 1990s is a result of the fall of the Berlin wall and the civil wars in the former Yugoslavia, which triggered large migration flows into Germany. Note that the ethnic Germans who contributed substantially to the increasing labor supply in the 1990s are treated as foreigners. Since the beginning of the 2000s, the foreigner share has plateaued as a consequence of the slowdown in economic growth and tighter restrictions on immigration. Moreover, foreigners tend to be more than proportionally affected by unemployment, such that their share in the employed workforce declined relative to their share in the labor force during the 1990s. The foreign workforce is heavily concentrated in the group with no vocational training. Its share has increased there from 24 percent in 1980 to 39 percent in 2004, and the share of foreign workers in the group with a vocational degree from 5 percent to 11 percent during the same period of time. In the high-skilled segments of the labor market the foreigner share has been roughly stable (Figure 3) . Table A1 displays the gross daily wages in 2000 prices. Wage levels increase with educational levels and with experience in all education groups. The wage levels of foreign workers are in all education groups below those of the native labor force. While these differences are fairly small in the education groups with no vocational degree, they are as high as 20 percent in the other education groups. The first step in the empirical application of the model outlined in Section 3 is to estimate the elasticities of the wage-setting curve. Following Baltagi, Blien, and Wolf (2007) , Bell, Nickell, and Quintini (2002) and Blanchflower and Oswald (2005) we estimate the model in dynamic form, which allows to disentangle short-run and the long-run wage and employment effects of migration if labor markets do not adjust instantaneously to labor supply shocks. We estimate the elasticity of the wage-setting curve for each education and experience group separately which yields
Immigration trends and descriptive evidence
where η denotes the elasticity between the wage and the unemployment rate and τ a deterministic time trend. We consider a linear and a squared trend here. The error term e ijt is specified as a one-way error component model with fixed effects for each education-experience group. Since unemployment might be endogenous, we follow Blanchflower and Oswald (2005) and Baltagi, Blien, and Wolf (2007) and instrument the unemployment rate with the first, second, and third lag of the unemployment rate. In each regression we have pooled two experience groups together to achieve more stable results. Table 1 about here The estimation results are displayed in Table 1 . All regressions have the expected negative sign for the coefficient on the unemployment rate. The autoregressive parameter on the lagged wage is well below 1, supporting a wage-setting curve rather than a Phillips curve. Moreover, in most regressions, the short-run and the long-run elasticities between the wage and the unemployment rate are highly significant. We obtain only insignificant results in the group of workers with a high school degree and university degree and the most extensive work experience, suggesting that the responsiveness of wages to the unemployment rate is close to zero in this segment of the labor market. 10 The first regressions provide estimates of the wage-setting curve for all groups and for each education group separately. In the regression where all education-experience groups are pooled, we find a short-run elasticity of about -0.08 and a long-run elasticity of about -0.15. The national-level estimates presented here are somewhat higher than the average elasticity of -0.1 found by the regional-level wage curve literature in other OECD countries (see Blanchflower and Oswald, 1994, 2005; Nijkamp and Poot, 2005) , but much higher than the elasticity of -0.03 estimated by Baltagi, Blien, and Wolf (2007) at the regional level in Germany. This is not surprising, since the regional level estimates control for all macroeconomic influences which are particularly relevant in economies such as Germany where centralized wage-setting plays an important role.
Interestingly enough, the long-run elasticities are high at both ends of the skill spectrum: in the labor market segment without a vocational degree, we find a long-run elasticity of about -0.17, and in the high-skilled segment of individuals with a university degree a long-run elasticity of -0.19. The elasticity is particularly low in the segment with a vocational training degree, i.e., the labor market segment with a high share of unionized workers.
Even more intriguing is our finding of extremely high elasticities in segments with low work experience. Here we obtain long-run elasticities of between -0.24 and -0.37. They decline monotonically with increasing work experience in all cells of our sample and are particularly low in the labor segment with work experience of more than 30 years.
Capital adjustment
The impact of migration on aggregate wages depends largely on the adjustment of the capital stock. The Kaldor (1961) stylized facts on economic growth suggest that the capital-output ratio remains constant over time, indicating that capital stocks adjust to changes in labor supply.
For the calculation of the capital-output ratio we employ the net fixed capital stock series provided by the OECD. 11 These data indeed demonstrate that the capital-output ratio has increased only slightly from about 3.0 to 3.15 in Western Germany during the four decades since 1960. Moreover, the fluctuations around the long-run ratio of 3.1 are relatively small.
The unit root tests indicate that the capital-output ratio and the labor force follow different stochastic processes over time. We can reject the hypothesis of a unit root for the capital-output ratio at the 1 percent level if we include only a constant, and at the 5 percent level if we include a constant and a deterministic time trend. Thus, the capital output ratio seems to be stationary. In contrast, the unit root test results suggest that the labor force is a non-stationary variable which is integrated of first order. The levels of the capital-output ratio and the labor force hence cannot form a long-run equilibrium relationship. This may be interpreted as support for the Kaldor (1961) facts.
For analyzing the short-run effects of labor supply shocks on the capitaloutput ratio we estimate the following model:
where κ t denotes, as above, the capital-output ratio, N t the total labor force, τ t a deterministic time trend, ε t disturbances which are assumed to be white noise, and s = 1, ..., Z an index for the autoregressive terms considered by the model. The number of autoregressive terms is determined by the Breusch-Godfrey test for serial correlation. The test results suggest a second-order autoregressive specification. We have moreover added a dummy variable that controls for a structural break after German reunification, which is present in our data according to the Chow-breakpoint test. The results are displayed in Table 2 . In the simple OLS specification we find a coefficient on ∆ ln(N t ) in the vicinity of about -0.7. A change of the capital-output ratio of this size would be expected if the labor share in national income is 0.7 and if physical capital remains fixed in the short run. The sum of the coefficients for the autoregressive terms suggest that adjustment is fairly fast, i.e., that two-thirds of the labor supply shock disappears within one year.
The simple OLS regression suffers, however, from the endogeneity of labor supply shocks. We therefore instrumented the labor force variable with the first and second lag of the population in Western Germany. In this case the impact of labor supply shocks becomes insignificant and shrinks to -0.2. Although we cannot exclude that the actual impact of short-run labor supply shocks on the capital-output ratio is zero, we use this value for the short-run simulations, while we assume that labor supply shocks have no impact in the long run. 12
Elasticities of substitution
The empirical estimation of the elasticities of the production function is straightforward as Card and Lemieux (2001) , Borjas (2003) and Ottaviano and Peri (2006) have shown. Let us start with the identification of the elasticity of substitution between native and foreign workers. The relative demand of native and foreign workers of education i and experience j can be expressed as
To identify the ratio θ ijh /θ ijf , we employ dummy variables for each educationexperience cell following Peri (2006, 2008) . This implies that relative productivity of natives and immigrants varies across education and experience groups, but is constant over time. Note that technology shifts in the productivity of education (or experience) groups are absorbed by the higher levels of the production function. 13 Conditional on these controls, we assume that changes in the relative employment of natives and foreigners in each education-experience cell are due to random shocks in the labor supply. We thus estimate the following regression to identify σ i :
where the error term ν ijt is a zero-mean random disturbance. In total we have i × j × t = 800 observations. We estimate the equations by OLS and weighted OLS using total employment in each cell as a weight. The results are reported in Table 3 . The coefficient for σ i is significantly different from zero in all regressions except for the groups of workers with a university degree, providing support for the hypothesis that native and foreign workers are imperfect substitutes in the first three education groups. For the further analysis, we use the education-specific estimates of the parameter σ i since the F -test rejects the null hypothesis that the coefficients are of equal size.
The estimated coefficients for 1/σ i of between 0.05 and 0.07 suggest that the elasticity of substitution between native and foreign workers lies between 15 and 20. This is substantially larger than the estimate by Ottaviano and Peri (2006) for the US, but remarkably close to their revised estimate which employs a different classification of education groups compared to the first study . The estimates by D'Amuri, Ottaviano, and Peri (2008) for Germany are, at between 0.04-0.06, also very close to ours. Similarly, Felbermayr, Geis, and Kohler (2008) estimate this elasticity based on another dataset at between 0.07 and 0.1. In contrast, Borjas, Grogger, and Hanson (2008) find no evidence that immigrants and natives are imperfect substitutes for the US, but the large number of dummy variables considered in their specification may have absorbed the variance needed for the identification of the parameter 1/σ .
In the next step we estimate the elasticity of substitution between experience groups. From the production function we obtain the wage for the labor would absorb a large part of the identifying variation, we cannot see a theoretical argument why the elasticities of substitution between natives and foreigners should change systematically over time.
which we can rewrite for the estimation of the parameter 1/ρ as
where the time-specific fixed effects D t control for the variance of ln αA 1/α t κ 1−α α t + 1 δ ln L t , and the time by education-specific fixed effects D it for the variation in ln θ it − 1 δ − 1 ρ ln L it and the education-experience group fixed effects D ij for the productivity term ln θ ij , which is assumed to be constant over time. The labor compositeL ijt is calculated asL
, where the productivity parameters of native and foreign workers can be derived from the estimated fixed effects aŝ
Equation (15) allows us to consistently estimate the parameter − 1 ρ by 2SLS, where we use the log of employed native workers in each experienceeducation group as an instrument. 14 Table 4 about here We find an elasticity of substitution of about 30 in the regressions that refer to the total period, which is substantially higher than the elasticity of substitution of between 4 and 5, which Borjas (2003) , Card and Lemieux (2001) and Ottaviano and Peri (2006) obtain in their studies for the US. 15 Interestingly enough, Felbermayr, Geis, and Kohler (2008) obtain similar elasticities for Germany to ours, although they employ another dataset for their analysis. As a robustness check we have also assumed an infinite elasticity of substitution between native and foreign workers in the calculation of L ijt , which yields very similar results (see Table 4 ).
The elasticity of substitution between education groups is estimated analogously. From the production function we have
which enables us to identify the parameter 1 δ as
The time-specific fixed effects D t control for the variance in ln αA
δ ln(L t ) and the education-specific fixed effects D i and the educationspecific deterministic time trend τ i for the variance in the skill-specific efficiency parameter θ it . The labor compositeL it is computed asL it = 8 j=1θ ijL
, where the estimated efficiency parametersθ ij are derived from the fixed-effects estimates asθ ij = exp(D ij ) j exp(D ij ) . ϑ it is assumed to be a zero-mean random disturbance.
Equation (16) is estimated again by 2SLS using the the log of employed native workers in each experience-education group as an instrument. We receive for 1/δ an estimated parameter of about 0.15 in the total sample period, which corresponds to an elasticity of substitution between education groups of 6.5. This elasticity is about twice as high as the elasticities found in US studies (e.g. Katz and Murphy, 1992; Ottaviano and Peri, 2006) , but again matches the findings by Felbermayr, Geis, and Kohler (2008) for Germany. As a robustness check we apply the assumption that the elasticity ρ tends to infinity for the calculation of L t , which yields a similar elasticity of substitution (Table 4) .
Finally, the parameter α has been calculated from the labor share in national income, which yields an average value of 0.67.
Simulation results
We now use the estimated parameter values for the simulation of the impact of migration on (un-)employment and wages. In each scenario, we distinguish between the short-run and the long-run effects of migration. For the simulation of the short-run effects we employ the short-run coefficients for the elasticityη ij from the wage-setting curve estimates and the (small) negative effect of an increase in the labor force on the capital-output ratio. The long-run effects are calculated by using the long-run elasticities of the wage-setting curve and by assuming that the capital-output ratio remains constant.
We simulate two scenarios here. First, we simulate the effects of a one percent increase of the labor force through immigration using the average distribution of foreigners across the education-experience cells of the labor market. This implies that the overwhelming majority of the increase takes place in the education group of those with no vocational training, while the increase in the other education groups is modest. This scenario provides an indication as to the marginal effects of immigration at the given structure of the workforce.
In a second scenario we simulate the wage and employment effects of immigration using the actual immigration figures during the sample period, i.e., 1980-2004. We consider the actual changes in each cell of the labor market here.
The employment and wage effects are calculated for native and foreign workers for each education-experience group. For the aggregation, we weighted the wage changes by the income share in each cell, and the changes in the unemployment rate by the share in the labor force in each cell. In the tables, we report the average effects for the total labor force, the native labor force, and the foreign labor force by educational levels.
A one percent immigration of workers with the same education and experience characteristics as the existing foreign workforce reduces average wages by 0.1 percent and increases the average unemployment rate by less than 0.1 percentage points in the short run, while the long run impact is neutral. Particularly negatively affected are workers with no vocational training degree, where the share of the foreign workforce is relatively high. The native workforce is only slightly negatively affected in the short run and benefits from both increasing wages and declining unemployment in the long run. However, native workers lose slightly in the segment with no vocational degree. In contrast, wages of foreign workers tend to decline by about 0.7 percent in the short run and by 0.6 percent in the long run, while the unemployment rate increases by 0.4 percentage points in the short run and by 0.1 percentage points in the long run (Table 5) . Table 5 about here The actual labor supply shock during the 1980-2004 period changed the structure of the foreign workforce. The total workforce increased by 4.1 percent through an increasing number of foreign workers, but the individual education groups where affected in different ways: The change in the foreign labor supply increased the workforce with an university degree and -to a lesser extent -with a vocational training degree more than proportionally, while it reduced the labor supply in the group without a vocational degree substantially. Particularly affected by the increasing foreign labor supply is the rather small group with a high school degree. Note that the changing skill structure of the foreign workforce reflects an overall trend of increasing educational levels in the German workforce. As a consequence, the foreigner share in the skill group without vocational training has increased albeit the absolute number of foreigners has declined in this segment of the labor market. Table 5 shows that the 1980-2004 foreign labor supply shock reduces average wages by a mere 0.4 percent in the short run. In the long run, average wages remain stable due to the adjustment of capital stocks. The unemployment rate increases by less than 0.1 percentage points in the short run, and stays almost stable in the long run. Particularly affected are the groups with a high school degree and a university degree, since the immigration shock was large compared to the other groups here.
The wage impact of migration on the native labor force is almost neutral, but natives tend to benefit by increasing wages and a slightly decreasing unemployment rate in the short run. However, the rather small group with a high school degree experiences a substantial, and the group with a university degree a small loss in terms of lower wages and higher unemployment.
The foreign labor force suffers from a substantial wage loss of about 2.3 percent in the short run and 1.8 percent in the long run. The unemployment rate declines in the short run by about 0.1 percentage points, but increases in the long run by 0.25 percentage points. Note that the unemployment rate of foreign workers without a vocational degree declines substantially by 3.3 percentage points in the short run, but this decline shrinks to 1.0 percentage points when wages adjust in the long run. As a consequence, the reduced unemployment of less skilled foreigners is outpaced by higher unemployment in the other education groups in the long run. Altogether, wages of foreign workers are adversely affected by the increasing labor supply, while the impact on unemployment is ambiguous due to the change in the skill composition of the foreign workforce.
Conclusions
In this paper we presented a general equilibrium framework that allowed us to analyze the wage and employment effects of migration simultaneously.
We modeled wage rigidities in form of a wage-setting curve, which assumes that wages respond imperfectly to an increase in the unemployment rate. In the empirical application of the model we found that the elasticities of the wage-setting curve differ widely for the different segments of the labor market. While the elasticity of the wage with respect to the unemployment rate is relatively high in the segments of the labor market with a university degree and limited work experience, it is particularly low in the labor market segment with a vocational degree and extensive work experience.
At the given structure of the foreign workforce, migration reduces average wages and increases unemployment of the total workforce slightly in the short run, while it is neutral in the long run. More interesting are the structural effects: while native workers tend to benefit, the foreign workforce tends to suffer from lower wages and increasing unemployment, at least in the short run.
The analysis of actual immigration into Germany during the 1980 to 2004 period, which includes the immigration shock surrounding the fall of the Berlin wall, demonstrates that natives have suffered from this immigration episode only in the short run if at all. In the long run they tend to benefit both from higher wages and slightly declining unemployment. The increase of the foreign workforce by about 40 percent during this 25 year period has reduced the unemployment of the foreign workforce in the short run and increased it in the long run by only 0.25 percent. This counter-intuitive finding can be traced back to the fact that migrants entered the flexible segments of the labor market more than proportionally, in particular the segment with low work experience. While this labor supply change has not resulted in higher unemployment of the foreign workforce, it has reduced wages of foreign workers by almost 4 percent in this 25 year period.
Our empirical analysis has produced a number of further intriguing results. We found evidence that native and foreign workers are imperfect substitutes in the labor market. The elasticity of substitution is however much higher than that obtained in the Ottaviano and Peri (2006) study for the US, but is similar to that found recently by Ottaviano and Peri (2008) and D'Amuri, Ottaviano, and Peri (2008) .
Finally, our results provide strong evidence that capital stocks adjust to labor supply shocks. We found no negative relationship between labor supply and the capital-output ratio in the long run, and only small and insignificant effects for short-term supply shocks. This supports one of the famous stylized facts on economic growth by Nicholas Kaldor (1961) and the evidence that Ottaviano and Peri (2006) found for the US. This again has important implications for the wage effects of migration: at least in the long run, an increasing labor supply through migration does not reduce the 27 average wage level in the economy. Notes: Dependent variable is ln w ijt , i.e. the log wage in each education-experience group. White-heteroscedasticity robust standard errors in parentheses. * * * , * * , * denote the 1%-, 5%-, and 10%-significance levels. The model is estimated by 2SLS. The unemployment rate is instrumented by its first, second and third lag. The model is specified as a one-way error component model with group specific fixed effects and contains a deterministic time trend and a squared deterministic time trend for each experience group. The regressions for each education-experience group are based on 44 observations, the regressions in each education group on 176 observations, and the overall regression on 704 observations. Within R 2 are reported. Notes: White-heteroscedasticity robust standard errors in parentheses. * * * , * * , * denote the 1%-, 5%-, and 10%-significance levels. Dependent variable is ln(w ijht /w ijf t ), i.e. the relative daily wage of native to foreign workers within the same educationexperience cell. The explanatory variable is the relative employment of native and foreign workers within the same education-experience cell. All regressions include education-by-experience group fixed effects. Observations are weighted by total employment in the cell. The F -statistic tests the Null hypothesis that all coefficients 1/σ i are identical across educational groups. Notes: White heteroscedasticity robust standard errors in parentheses. * * * , * * , * denote the 1%-, 5%-, and 10%-significance levels. Dependent variable is ln w ijt (ln w it ), i.e. the log daily wage in each education-experience (education) cell. As the partial R-squares of the first-stage regressions indicate that the log of employed native workers is a more appropriate instrument than the log of employed foreign workers, the equations are estimated by 2SLS using the log of employed native workers in the respective education-experience (education) group as an instrument for the variable ln L ijt (ln L it ). Including the log of employed foreign workers as an additional instrument does not change significantly our results . 
Notes:
The short-run simulations are based on the short-run semi-elasticities of the wage curve and consider the short-run impact of migration on the capital-output ratio. The long-run results are based on the long-run elasticities of the wage curve and a constant capital-output ratio. Source: Authors' calculations based on the IABS. Source: Authors' calculations based on the IABS. Notes: The dependent variable is ln w ijt . * Arellano-Bond (1992) two-step estimation. 1 The Sargan-χ 2 (276)-test statistics rejects the H0 of no over-identification with 31.7 * * * . The Arellano-Bond z-statistics rejects the H0 of AR(1) at -3.3 * * * , and of AR(2) at 0.7. 2 Sargan-χ 2 (156)-test statistics: 5.9 * * * . Arellano-Bond z-statistics: AR(1) -1.2, AR(2) 0.8. 3 Sargan-χ 2 (155)-test statistics: 6.6 * * * . Arellano-Bond z-statistics: AR(1) -2.1 * * , AR(2) -2.0 * * . 4 Sargan-χ 2 (156)-test statistics: 6.0 * * * . Arellano-Bond zstatistics: AR(1) -2.0 * * , AR(2) 0.02. 5 Sargan-χ 2 (155)-test statistics: 7.7 * * * . Arellano-Bond z-statistics: AR(1) -2.2 * * , AR(2) 0.7. GMM two-step standard errors are biased.
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